The current study investigates the effects of polyphenolic extract from the leaf of Paullinia pinnata against CCl4 -induced oxidative stress and liver damage in female albino rats. Thirty albino rats were randomly distributed into six groups (A-F). Rats in group A were given 1 ml normal saline orally to serve as control. The rats in groups B, C, D, E, and F were respectively induced intraperitoneally with single administration of 1 ml/kg body weight (b. wt) CCl4 dissolved in liquid paraffin (1:1). Thirty minutes after induction, the rats in the respective groups were orally treated with normal saline, 50 mg/kg b. wt. Silymarin, 50, 100 and 200 mg/kg b. wt. polyphenolic extract from P. pinnata respectively, once daily for 7 days. Levels of liver function indices and the activities of antioxidant enzymes were determined. Administration of polyphenolic extract from P. pinnata significantly (p < 0.05) ameliorated CCl4-induced hepatotoxicity with respect to liver function indices, antioxidant and lipid peroxidation parameters. The biochemical changes observed were also consistent with histopathological observations on the rat liver, as architectural degeneration and severe cellular necrosis were restored after the administration of polyphenolic extract from P. pinnata in the treated groups. The study suggests that polyphenolic extract from P. pinnata is a potential hepatoprotective agent against CCl4-mediated hepatic injury through fortification of antioxidant defense mechanisms.
Introduction
Carbon tetrachloride (CCl4) induced hepatoxicity is a well known entrenched model characterized by the formation of the trichloromethyl free radical (CCl3*) through the action of the mixed function cytochrome P450 oxygenase system of the endoplasmic reticulum, which leads to activation of reactive oxygen species (ROS) in the mitochondria (Boll et al., 2011a) . The toxicity progresses through ROS-mediated series of steps including apoptosis, covalent binding of resulting radicals, reductive dehalogenation, inhibition of apolipoprotein synthesis, low and high-density lipoprotein metabolism, fat accumulation, formation of CCI3-OO* radicals, lipid peroxidation, membrane damage, loss of Ca 2+ sequestration, fibrosis that eventually lead to liver damage (Clawson, 1989; Boll et al., 2011b; Boll et al., 2011c) .
Globally, the prevalence of mortality and morbidity associated with liver diseases is increasing at an alarming rate with approximately 29 million people in the European region suffering from a chronic liver damage and more than 30 million Americans having liver diseases. The most common causes of liver diseases worldwide are chronic Hepatitis B and C virus, alcohol and non-alcoholic steatohepatitis associated with obesity and metabolic syndrome (ALF, 2017) .
Medicinal plants have been proven to be an effective remedy in the management and treatment of liver diseases without therapeutic adverse effects (Mahmud et al., 2012; Ali et al., 2013; Balamuruganvelu et al., 2014; Sabiu et al., 2015; Sabiu et al., 2016) . Thus, significant efforts are being directed towards the searching for plant-based products that can provide efficient succor, accessibility and safer treatments (Umer et al., 2010; Mallhi et al., 2014) . In addition, the search must be centered on a medicinal plant that can scavenge ROS and nitric oxide (NO), which are the intermediate products of inflammatory processes and lipid peroxidation during CCl4 mediated toxicity that eventually then added to 2.9 ml of 2% Na2CO3. The solution was then allowed to stand for 2 min at room temperature before adding 0.1 ml of 0.2 N Folin-Ciocalteau reagent to the solution. The resulting mixtures were then incubated for 30 min at room temperature. The absorbance of the reaction mixtures was taken spectrophotometrically at 750 nm. Gallic acid (0.1-1.0 mg/ml methanol) was used as a standard and the total phenolic contents of the extract were expressed in milligram gallic acid equivalents (mg gallic acid/g extract).
Experimental animals Thirty (30) female albino rats (Rattus novergicus) (150-230 g) were obtained from the Animal Holding Unit of the Department of Biochemistry, University of Ilorin, Ilorin, Nigeria. The rats were allowed to acclimatize for 7 days in the laboratory under standard conditions (12-hours light/dark cycle, 25 ± 2 o C photoperiod). They were fed with standard rodent diet and tap water ad libitum in accordance with the guidelines of National Research Council Guide for the Care and Use of Laboratory animals as described by Mansour et al. (2017) . The study was conducted with the Approval (UIL/2016/0009) of the University of Ilorin Ethical Committee on the Use and Care of Laboratory Animals Induction of hepatotoxicity and animal grouping CCl4-induced hepatotoxicity was done by intraperitoneally injecting 1 ml/kg b. w. CCl4 dissolved in liquid paraffin in ratio 1:1 after animals are being denied food for 18 hours. The rats were randomly divided into six groups of five rats each.
Group A served as normal control and were administered 1 ml/kg normal saline.
Group B served as hepatotoxic control rats treated with normal saline.
Group C served as CCl4 -induced hepatotoxic treated rats with 50 mg/kg Silymarin as reference drug.
Group D served as CCl4 -induced hepatotoxic rats treated with 50 mg/kg b.w polyphenolic-rich extract of Paullinia pinnata (PEPP).
Group E served as CCl4 -induced hepatotoxic rats treated with 100 mg/kg b.w PEPP.
Group F served as CCl4 -induced hepatotoxic rats treated with 200 mg/kg b.w PEPP.
Serum preparation and excision of the liver
Twenty-four hours after the administration of the last dose, the rats were anaesthetized with diethyl ether and sacrificed by simply cutting the jugular vein; the blood samples were collected into heparinized and plain sample tubes for haematological and serum analysis respectively. Blood samples for serum were left to stand at room temperature for 30 mins to clot after which it was centrifuged at 3,000 rpm for 10 mins. The serum was collected using a Pasteur's pipette, appropriately labelled and stored in a freezer at -20 o C. The rats were then dissected and the livers were removed, cleansed of superficial connective tissue and the transferred into ice-cold 0.25 M sucrose solution. The tissues were minced finely with dissecting knife and homogenized in ice-cold 0.25 M sucrose solution (1:5 w/v) using pre-cooled mortar and progresses to liver injury (Murugesan et al., 2009 Paullinia pinnata L. is a woody climber (lianas) resident to the tropical rain forest of West Africa. It has pinnate compound leaves hence the specific name 'Pinnata' with five serrated leaflets (Annan et al., 2013) . The plant is popularly used in Nigeria and Ghana in the treatment of ailments like sore throat, leprosy liver dysfunction, snake bites, nausea and vomiting (Gill, 1992; Zamble et al., 2006; Jimoh et al., 2007; Nagori et al., 2010; Fred-Jaiyesimi et al., 2011) . Previous phytochemical investigation carried out by Yusuff et al. (2014) reported the presence of steroids, triterpenes, alkaloids, saponins, tannins, anthraquinones and flavonoids in the methanol extract. Apart from the fact that P. pinnata has been proven pharmacologically to be a good anticancer plant (Tamokou et al., 2013) , its methanolic extract has been reported to promote vascular relaxation through its capacity to attenuate nitric oxide oxidation and lipid peroxidation (Zamble et al., 2006) .
In view of all the commendable activities of P. pinnata associated with ROS scavenging, coupled with its folklore usage in the treatment of liver disorder, with paucity of scientific evidence, hence the current study. The ameliorative effect of polyphenolic-rich extract of Paullinia pinnata against CCl4-mediated oxidative stress in hepatotoxic rats was evaluated via serum and liver homogenate samples.
Materials and Methods
Sample collection, authentication, and extract preparation Fresh P. pinnata leaves were collected from Ilofa in OkeEro, Kwara State, Nigeria. Identification and authentication were done in the Department of Plant Biology, University of Ilorin, Nigeria, by Dr. Abdullahi-Alanamu Abdulrahman. Voucher specimen with number UILH/001/1220 was deposited to the Herbarium of the Department.
The leaves were air-dried, pulverized into powder with blender, weighed and kept air-tight prior to extraction. The method of Kim and Lee (2002) was adopted for the extraction of polyphenol from P. pinnata: 100 g of the dried sample was soaked in 400 ml absolute methanol in a beaker. The contents of the beaker were then transferred into a chilled blender and immediately macerated by for 3 mins. The homogenized sample was transferred into a beaker containing 50 ml of 80% aqueous methanol and placed in an ice bath using a polytron homogenizer for 2 mins and filtered with Whatman Nọ 1 filter paper. The residue was then transferred back to the polytron homogenizer with 100 ml of the residue for maceration and filtration. The filtrates were combined and concentrated using a rotatory evaporator.
Determination of total phenolic content
This was determined using Folin-Ciocalteau assay as described by Danilewicz (2015) . Briefly, triplicate samples of 10 mg/ml of PEPP extract was dissolved in methanol and pestle in a bottle of ice. The homogenates were stored frozen overnight before centrifuging (Akanji and Ngaha, 1989) . The homogenates were centrifuged at 800 g for 10 min at 4 °C; the resulting supernatant was aspirated with Pasteur pipette into sample bottles and kept frozen at -20 °C to ensure maximum release of the enzymes before being used for the determination of various biochemical parameters.
Liver function parameters and antioxidant analyses
Prior to the determination of metabolites and enzyme activities, the tissue homogenates were diluted using 0.25 M sucrose solution. Liver function parameters were determined by strictly following the manufacturer's instructions on the use of the assay kits. The concentrations of serum albumin, bilirubin, globulin and protein were determined by adopting the methods of Sherlock (1951) , Doumas et al. (1971) , Plummer (1978) and Tietz (1995) . Other activities for both serum and homogenate such as alkaline phosphatase (ALP) was evaluated following Wright et al. (1972) ; alanine aminotransferase (ALT), aspartate aminotransferase (AST) following Reitman and Frankel (1957) and Schmidt and Schmidt (1963) . Gamma-glutamyl transferase (GGT) assay was carried out following Szasz (1974) . The antioxidant and lipid peroxidation makers including catalase (CAT), superoxide dismutase (SOD) and were assayed by adopting the methods of Beers and Sizer (1952) , Marklund and Marklund (1974) and Reilly and Aust (2001) .
Histological analysis
Liver specimens were fixed in 10% formalin. The specimens were dehydrated in ascending grades of ethanol, cleared in xylene and processed to paraffin blocks, sectioned (5 µm thick) and stained with Hematoxyline and Eosin stain. They were examined using light microscopy for a demonstration of hepatic pathological changes including degeneration of β-cell of Langerhans, atrophy, cell destruction, necrosis and the efficiency of a polyphenolic extract of Paullinia pinnata leaf to ameliorate these pathological features (Drury and Wallington, 1980) .
Statistical analysis
The data were analysed by one-way analysis of variance (Statistical Analysis System (SAS) Model 9.13) complemented by Duncan's Post Hoc test to detect significant differences. All data were expressed as the mean of five replicates ± Standard Error of Mean (S.E.M). Values were considered statistically significant at p < 0.05 (confidence level = 95%).
Results
The total polyphenolic content of the methanolic extract of P. pinnata expressed as Gallic acid equivalent (GAE) was 150 mg GAE/g. The percentage of organ-body weight ratio revealed no significant difference in liver weight to body ratio between the hepatotoxic groups administered PEPP and the control at p > 0.05 (Table 1 ). The effects of PEPP on serum activities of liver function enzymes (Table  2) . A significant increase (p > 0.05) in ALP and AST was obtained in the treated group for all the dosages administered to the rats when compared with those that received Silymarin and normal control. However, significant increase ALT activity was noted only in rats treated with 200 mg/kg b.w PEPP compared with other groups. A significant increase in GGT was observed in the treated rats that received 50 mg/kg b. w. PEPP with the other treated groups and the control.
The effects of PEPP on the activities of liver function enzymes are presented in Table 3 . For ALP, the treated rats that were administered 100 mg/kg dose of PEPP compete favourably with the control in the increment of the enzyme at p < 0.05; however, the best activity was observed in the highest administered dosage. The same trend was observed in ALT and AST where a significant increase was observed in the activity of the enzyme of the treated rats in all doses administered when compared with the rats that were treated with normal saline. In addition, the rats that were administered 100 mg/kg dose of PEPP elicited proportional increment with the normal control for the activity of GGT enzyme.
The effects of PEPP on some liver function indices are presented in Table 4 . A significant increase (p < 0.05) in albumin and total protein was observed in the rats treated PEPP when compared with the hepatotoxic. However, the rats that were administered the highest dosage of PEPP compared favourably with those that received standard drug (Silymarin). For direct bilirubin, the rats that were administered PEPP at all dosages elicited significant reduction when compared with hepatotoxic control. In addition, the rats that were administered 200 mg/kg of PEPP competes favourably with the normal control in the increment of globulin, while a significant reduction was also observed in total bilirubin in the treated group when compared with hepatotoxic control.
The effects of polyphenolic extract of Paullina pinnata on antioxidant enzymes activity and liver malonaldehyde content of CCl4-treated rats are presented in Table 5 . A significant increase in the activities of SOD and CAT were obtained in all the PEPP treated rats at all dosages when compared with the hepatotoxic control and also compete favourably with Silymarin treated rats. Contrary, to the results of CAT and SOD activities, significant decrease was noted in lipid peroxidation enzyme (MDA) in the PEPP treated rats when compared with the hepatotoxic rat and compared favourably with the normal control at p > 0.05. Photomicrographs of the liver of normal control and CCl4 hepatotoxic control and treated rats are shown in Fig. 1 . Microscopic observation of the liver of the normal control rats showed the normal architecture, where the central veins, portal tracts, hepatocytes and sinusoids appeared normal (Fig.  1A) . On the contrary, Fig. 1B showed the histological structure of the hepatotoxic control with severe patchy and 82 confluent hepatocyte necrosis of the hepatocyte, lobular inflammation and distortion of liver architecture. The sinusoidal spaces were also flooded with inflammatory cells. Furthermore, the hepatotoxic rats treated with the Silymarin showed normal lobular pattern (Fig. 1C) . In Fig. 1D , there are moderate cellular necrosis in the architecture of the liver in the rats that were administered 50, 100 mg/kg dose of PEPP, while moderate cellular degeneration and vascular congestion were observed in the liver section of the rats treated with 100 mg/kg dose of PEPP (Fig. 1E) . Lastly, moderate hepatocytes that are devoid of necrosis were evident in the hepatotoxic group treated with 200 mg/kg dose of PEPP (Fig. 1F) . 
Discussion
The menace of drug-induced liver injury is a major challenge to researchers globally. CCl4 -induced hepatotoxicity is known to be prompted by oxidative stress through bioactivation of the phase I cytochrome P450 system to form reactive metabolic trichloromethyl radicals (*CCl3) and peroxy trichloromethyl radicals (*OOCCl3) (Ogeturk et al., 2005; Jaramillo-Juarez et al., 2008) . The increased lipoperoxide and free peroxide radical concentrations lead to elevation of cytosolic AST, ALT, ALP and GGT in the body system, and are used in the evaluation of drug-induced hepatotoxicity (Jaeschke et al., 2003) . In the current study, the increased activity of these marker enzymes in the CCl4 -induced rats was indicative of cellular necrosis and hepatotoxicity. This assertion has been canvassed in previous studies (Khan et al., 2012; Adewale et al., 2014; Somnath et al., 2017) , where administration of CCl4 caused liver damage. However, the significant reduction in the specific activity of these enzymes in the rats treated with PEPP is suggestive of the amelioration of the effects of CCl4 with no observable adverse effect on the organ as there was no significant difference (p > 0.05) in liver weight after the treatment.
Plant-based metabolite such as polyphenols has been extensively used in the treatment of array of disorders including diabetes and liver steatosis (Aguirre et al., 2004; Büyükbalci and El, 2008) . It is one of the most important components of human diet due to its ability to mop-up and inhibits further generation of ROS which accounts for its several pharmacological activities (Laight, 2000) . Elevated transaminase, such as ALT and AST, activities are known marker for hepatocyte injury mediated by ROS via oxidative stress (Contreras-Zentella and Hernández-Muñoz, 2016) . GGT is a specific biomarker of hepatobiliary injury, especially cholestasis and biliary effects (Sheehan and Haythorn, 1979) , while ALP is a marker enzyme for the plasma membrane and endoplasmic reticulum (Wright and Plummer, 1974) . The elevated levels of these biochemical parameters are a direct reflection of alterations in the hepatic structural integrity (Patrick-Iwanyanwu et al., 2010) . In the present study, the CCl4-mediated a significant increase in serum ALP, ALT, GGT and AST in the rats. The elevated GGT, ALT and AST in the CCl4-treated group were significantly reduced upon treatment with Silymarin, the reference drug and PEPP indicating ameliorative effect from the toxicant. It was observed that the extract significantly normalized the elevated ALT and AST across the treatment groups especially at 100 mg/kg and 200 mg/kg dose levels. Although, 50 mg/kg dose of the PEPP seems to be below the therapeutic dosage needed to condition the hepatocytes or protect them from an impending liver damage. CCl4-treated rats also showed elevated ALP activity which was significantly lowered by the extract. High level of ALP is an indicator of obstructive jaundice and intra-hepatic cholestasis (Adebayo et al., 2003) .
The concentrations of albumin, globulin and bilirubin in the serum is a well-known index to determine the secretory and synthetic functioning of the liver and can be used to ascertain types of liver damage . The significantly elevated concentration of bilirubin in the serum of hepatotoxic rats could be due to CCl4-mediated hepatoxicity which occurs as result of bilirubin uptake obstruction and its secretion into bile (Sabiu et al., 2015) . Therefore, the significant increase in serum albumin, serum globulin and serum total protein coupled with the attenuation in the level of bilirubin in the PEPP-treated rats is an indicator of enhanced synthetic, secretory and excretory functions of the hepatocytes facilitated by PEPP. The overall activity elicited by PEPP is a reference proof for the ameliorative potential of PEPP leaves against damage by CCl4. The present observations concur with the earlier reports of Adewale et al. (2014) where attenuation of bilirubin level was observed in hepatotoxic rats following administration of Xylopia aethiopica extract. This thus suggests that PEPP has the ability to promote the efficiency of the the liver by activating the constitutive androstane receptor (CAR) which is a key regulator for bilirubin clearance in the liver (Moore and Dalley, 1999) . Free radicals scavenging enzymes are first line cellular defense against oxidative stress, dissipating O2 and H2O2 before their interaction to form dangerous hydroxyl (OH · ) radical which can lead to cell death (Lil et al., 1988) . Therefore, the reduction in the activity of these enzymes may result in a number of deleterious effects due to the accumulation of superoxide radicals and hydrogen peroxide. The observed decrease in antioxidant enzymes (CAT and SOD) following exposure of rats CCl4 may be due to induction of the nuclear factor kappa B (NF-κB) activation and its translocation, which are responsible for modulation of liver injury (Ma et al., 2014; Ma et al., 2015) . It may also be as a result of elevated nitric oxide (NO) through activation of iNOS (Tipoe et al., 2006) . This finding is consistent with the report of Szymonik-Lesiuk et al. (2003) and Wu et al. (2017) where a similar reduction in antioxidant enzymes was observed following the administration of CCl4. However, the reversal in CCl4-induced oxidative stress as evident in the elevation of SOD and CAT following administration of PEPP is implicative of its antioxidative capability, which can be attributed to the ability of the extract to scavenge ROS in the liver.
Lipid peroxidation products are formed when reactive oxygen species attack polyunsaturated fatty acids, leading to loss of membrane integrity vis-à-vis structural functions (Yoshida et al., 2013) . Therefore, the significant increase in MDA observed in the hepatoxic rat may depict haphazard oxidative onslaughts of CCl4 on membrane-bound lipids which may in turn, disrupt the membrane integrity in terms of fluidity and architecture (Niki, 2009) . The restoration of the membrane integrity through attenuation of CCl4-induced peroxidative materials by PEPP is indicative of the significant level of protection on the membrane lipids. This may be attributed to ability PEPP to promote detoxification of reactive metabolites, which might have prompted and encouraged peroxidation of polyunsaturated lipids of the hepatoxic membrane (Sabiu et al., 2016) .
Apart from the fact that histopathological examination complements with biochemical analyses, the hepatotoxic effects induced by CCl4 administration was also evident revealing extensive hepatocellular degeneration and loss of integrity of the hepatocyte. In contrast, histological results showed that treatment with a polyphenolic extract of Paullinia pinnata effectively ameliorated CCl4-induced hepatic toxicity. This result is in agreement with that of Venkatanarayana et al. (2012) . However, following the administration of PEPP, the hepatocytes showed close to normal cellular architecture which may be as a result of regeneration and repair of liver cells (Etim et al., 2008; Emeka and Obioa, 2009) . In line with these findings, it was obvious that histopathological examinations concur with observed biochemical analyses. The current observation has been previously touted by Adewale et al. (2014) and Wu et al. (2017) where administration of plant extract restored the efficiency of serum enzymes and liver histological architecture prompted by CCl4.
Conclusions
The present data showed that PEPP elicits effective protection against CCl4 induced hepatic damage by attenuation of oxidative stress and liver damage which thus lend credence to the potential of PEPP in amelioration of hepatic damage caused by CCl4 intoxication.
